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TECHNICAL MEMORANDUM X-5^2 


LOW- SPEED INVESTIGATION OP HIGH- LIFT AND 
LATERAL CONTROL DEVICES ON A SEMI SPAN VARIABLE- SWEEP WING 
HAVING AN OUTBOARD PIVOT LOCATION* 

By William P. Henderson and Alexander D. Hammond 


SUMMARY 






t^~ 


An investigation was made to determine the effect of leading- e dge- 
and trailing- edge- flap deflections and spoiler- slot- deflector projec- ^ 
tions o n th e high- lift arid lateral control characteristics of a semispan 
variab le- sweej^ ^ng^conf iguration . The high-lift characteristics were ^ 
obtained on three t^es^'oT^raTTIng^dge-flap devices, a single- slotted 
flap, a spoiler- slot- deflector high-lift device, and a double- slotted 
flap, each in conjunction with a leading- edge flap. The lateral con- 
trol characteristics were obtained by the use of spoiler- slot- deflector 
projections on both the wing with the flaps deflected and with the 
flaps neutral. 


The results indicated that a nearly linear increase in lift coeffi- 
cient was obtained with increasing flap deflection up to approximately 
30 ° deflection for the single- slotted flap and for the spoiler- slot- 
deflector configuration and up to approximately 40° for the double- 
slotted flap. Further increases in flap deflection resulted in only 
small increases in lift effectiveness and were accompanied by rather 
large increases in drag. Rather abrupt unstable variations of pitching 
moment with lift occurred at moderate lift coefficients for the wing 
with trailing-edge flaps deflected. Increasing deflections of the 
leading-edge flap progressively delayed this unstable variation to 
higher lift coefficients. 


The effect of increasing the spoiler- slot- deflector projections as 
a lateral control device was to decrease the lift coefficient, increase 
the drag coefficient, and produce a positive increment of pitching-moment 
coefficient with no appreciable change In the slope of the pitching- 
moment curves. Adequate rolling moment and favorable yawing moment were 
produced by the higher spoiler- slot- deflector projections throughout the 
usable angle- of- attack range. 

* Title, Unclassified. v 
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INTRODUCTION 


Considerable interest is being shown in the use of variable- sweep 
wings as a means of providing an aircraft with multimission capabilities. 

These capabilities include: low- speed ferry or loiter; high-altitude 

supersonic cruise, intercept, or attack; and low-level attack. Refer- 
ence 1 summarizes the results of a wind-tunnel study aimed toward the 
development of a variable- sweep- wing configuration having satisfactory 
stability and control characteristics throughout the wing sweep range. 

Reference 2 presents detailed subsonic and transonic aerodynamic data L 

on the configuration that evolved from this study. However, since sim- 1 

plified models were used in references 1 and 2 it appeared desirable to 
obtain aerodynamic data on models more representative of current fighter 
airplanes. A summary of the research on these configurations which have 7 

some or all of the capabilities just mentioned is presented in 
reference 3- 

In view of the acceptable longitudinal stability characteristics 
obtained on the variable- sweep- wing configurations of reference 3 it 
appeared desirable to obtain the high-lift and lateral control charac- 
teristics for a wing utilized on one of the more representative 
conf igurations . 

The wing selected and presented in this paper is the one utilized 
on the configuration referred to as configuration I in reference 4 , The 
high- lift devices used on this wing are a single- slotted trailing-edge 
flap, a double- slotted trailing-edge flap, a spoiler- slot- deflector 
high-lift device, and a leading-edge flap. Spoiler-slot deflectors are 
used for lateral control in both the deflected and neutral positions of 
the trailing-edge flap. 

The purpose of this paper is to present the results of this high- 
lift and lateral- control investigation made in the Langley 300-MPH 
7- by 10- foot tunnel. 


SYMBOLS 


The longitudinal characteristics are referred to the wind-axis 
system and the lateral control characteristics are referred to the body- 
axis system. Lift, drag, and pitching moments are nondimensionalized 
with respect to the geometric characteristics associated with the maxi- 
mum sweep condition. Rolling and yawing moments are based on the area 
of the maximum sweep condition and the span of the wing for which the 
data are presented. The moment center as shown in figure l(a) corre- 
sponds to 25 percent of the mean aerodynamic chord of the 75° sweep 
condition. 
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incremental lift coefficient resulting from flap deflection 

incremental drag coefficient resulting from flap deflection 

incremental pitching-moment coefficient resulting from flap 
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dynamic pressure, h_, lb/sq. ft 

velocity, ft /sec 
density, slugs/cu ft 

twice semi span wing area (75° sweep condition), 12. 5^-8 sq ft 
mean aerodynamic chord (75° sweep condition), 2.9395 ft 
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A 

5 n 

5 f 

&d 

5 S 

pb 

2V 


angle of attack, deg 

wing leading- edge sweep angle, deg 

leading- edge- flap deflection (positive leading edge up) 
trailing- edge- flap deflection (positive trailing edge down) 


deflector projections, fraction of wing chord 


spoiler projections, fraction of wing chord 


rolling effectiveness parameter, 


dC- 




-, radians 


MODEL 


A drawing of the semispan variable- sweep wing is shown in fig- 
ure l(a). The pivot point for the outer wing panels was located at 
approximately 51 percent of the wing semi span in the 75° sweepback con- 
dition. The movable outer wing panel was tested at leading- edge sweep 
angles of 25°, ^5°, 60°, and 75° • The inboard panel was fixed at 
A = 60°. The wing aspect ratio varied from 5 .1^8 for the 25° swept- 
back wing to 1.89^ for the 75° sweptback wing. The fixed portion of 
the wing had NACA 63 AOOJ +.5 airfoil sections parallel to the wing root 
chord line and the movable portion of the wing had NACA 63 AOO 6 airfoil 
sections parallel to the wing root chord line when the outer panel was 
swept 25°. A l/8- inch- thick end plate 1 inch larger than the wing root 
was attached to the wing root to divert the airflow associated with 
leakage into the tunnel through the balance clearance hole. 

Figure l(b) shows a drawing of the wing in the 25° swept position 
with section views showing a leading- edge flap, a single- slotted trailing- 
edge flap, and a double- slotted trailing- edge flap in both the flaps- 
neutral and flaps-deflected positions. The leading-edge flap extends 
the length of the movable outer panel and has its hinge line along the 
15 - percent wing chord line. 

The single- slotted flap has a chord equal to 25 percent of the wing 
chord and when deflected has its hinge line at the 80 -percent wing chord 
line. The main flap of the double- slotted- flap configuration has a 
chord equal to 25 percent of the wing chord and a vane with a chord 
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equal to 50 percent of the flap chord. The double- slotted flap was 
extended and then deflected as a unit with the hinge line at the 
80- percent wing chord line. 

Figure l(c) shows the details of the gaps (expressed as fractions 
of the wing chord) for the single- slotted flap and the double- slotted 
flap. The ordinates for the flap used as a single- or double- slotted 
flap are listed in table I and the ordinates for the vane used with the 
flap to make a double- slotted flap are listed in table II. 

Figure l(d) is a drawing of the wing in the 25 ° sweep position with 
section views showing the spoiler- slot- deflector high- lift and lateral 
control device in both the neutral and deflected positions. The single- 
slotted- flap portion extends from 0.172b/2 to 0.388b/2 and the spoiler- 
slot- deflector high- lift device extends from 0.388b/2 to the wing tip. 
The spoiler- slot- deflector high-lift device is a combination lateral 
control and high- lift device. For the high- lift condition, the spoiler 
is undeflected, thereby providing the same gap as shown in figure l(c) 
for the single- slotted flap. The deflector is projected to form a 
scoop on the under side of the wing to allow air to flow through the 
slot and produce lift in the same way as a single- slotted flap. In 
order to obtain lateral control in the trailing- edge- flap- deflected 
condition the spoiler or the spoiler and deflector can be projected 
from this neutral position (ref. 5) • In the flap- neutral condition the 
spoiler slot deflector provides lateral control in the same way as a 
conventional spoiler slot deflector. The spoiler and deflector were 
made of 0.0625- inch steel plate with chords equal to 15 and 10 percent 
of the wing chord, respectively. The spoiler was hinged about the 
65-percent wing chord line and the deflector was hinged about the 
leading edge of the flap (75- percent wing chord line when the flap is 
undeflected) . Over the span of the spoiler and deflector there was a 
slot through the wing between the 65- and 75- percent wing chord lines 
except for three 0.5- inch- wide stiffener webs whose center lines were 
at the 59-, 78-, and 99- percent semi span stations of the wing in the 
25 ° sweep position. The accompanying trailing- edge flap has a chord 
equal to 25 percent of the wing chord with its hinge line at the 
80- percent wing chord line. 

Figure l(e) is a drawing of the wing in the 25° and 75 ° sweep con- 
ditions with section views showing a spoiler- slot deflector in the neu- 
tral and projected positions. This spoiler- slot deflector is dimension- 
ally identical to the aforementioned one. 

TEST AND CORRECTIONS 

The investigation was made in the Langley 300 - MPH 7 - t>y 10 - foot 
tunnel at a dynamic pressur^B(Jfl^^01b/sq ft which corresponds to a 
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Reynolds number of 2.65 x 10^ based on the mean aerodynamic chord of the 
wing in the 75° sweep condition. The model was instrumented with a five- 
component strain-gage balance and mounted 3/16 inch from the wall of the 
wind tunnel. The forces and moments were measured through an angle- of- 
attack range that varied from -4° to about 25°. Transition strips 
l/8 inch wide of No. 80 carborundum grit were placed at the 5- percent 
chord of the wing upper and lower surfaces. 

Blockage corrections were determined by the method of reference 6 
and were applied to the dynamic pressure. Jet boundary corrections 
applied to the angle of attack and drag were calculated with the aid of 
reference 7* Inasmuch as the spoiler- induced load is considerably more 
localized span wise than it is for flap-type controls (ref. 8) no reflec- 
tion plane corrections have been applied to the semispan data. 


PRESENTATION OF DATA 


The data for the semispan variable- sweep- wing configuration are 
presented in the following order: 

Figure 


Effect of wing leading- edge sweep angle on the longitudinal 

aerodynamic characteristics. 6 n = 0°; Sf - 0° . . 2 

Effect of deflection of a leading- edge flap on the longitu- 
dinal aerodynamic characteristics. 6f = 0°; A = 25° 3 

Effect of deflections of a single- slotted flap on the longi- 
tudinal aerodynamic characteristics for several leading- 

edge- flap deflections. A = 25° 4 

Effect of deflections of a double- slotted flap on the longi- 
tudinal aerodynamic characteristics for several leading- 

edge- flap deflections. A = 25° 5 

Effect of deflections of a spoiler- slot-deflector high-lift 
device on the longitudinal aerodynamic characteristics for 
several leading-edge flap deflections. A = 25°; 8 S = 0; 

5 d = 0.02 6 

Effect of deflections of three types of trailing- edge flaps 
on the longitudinal aerodynamic characteristics for typical 
take-off conditions. A = 25°; S n = -20° 7 

Effect of deflections of three types of trailing-edge flaps 
on the longitudinal aerodynamic characteristics for typical 

landing conditions. A = 25°; S n = -20° 8 

Effect of spoiler projections on the aerodynamic characteris- 
tics for various lateral control projections. A = 25°; 

S d = 0.02; & n = -20°; 6 f = 35° 9 
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Figure 

Effect of spoiler projections on the aerodynamic characteris- 


tics for various lateral control projections. A = 25°; 

6 d = 0.02; 5 n = -20°; 6 f = 45° 10 

Effect of spoiler and deflector projections on the aerody- 
namic characteristics for various lateral control projec- 
tions. A = 25°; 5 n = 0°; 5f = 0° 11 

Effect of spoiler and deflector projections on the aerody- 
namic characteristics for various lateral control projec- 
tions. A = 75°; 5 n = 0°; 5 f = 0° 12 


RESULTS 


Longitudinal Aerodynamic Characteristics 

A comparison of the longitudinal aerodynamic characteristics of 
the three trailing- edge flaps for several leading- edge- flap deflection 
angles (figs. 4 to 6) indicates that for the 25 ° sweep condition there 
is a nearly linear increase in lift coefficient with increasing trailing- 
edge-flap deflection up to approximately 30 ° deflection for the single- 
slotted flap (fig. 4) and for the spoiler- slot- deflector high-lift 
device (fig. 6) and to approximately 40° for the double- slotted flap 
(fig. 5)* Further increases in flap deflection resulted in only small 
increases in lift effectiveness and were accompanied by rather large 
increases in drag indicating separation of the flow on the flap. 

It should be noted that for the wing with trailing- edge flaps 
deflected there occurs a rather abrupt unstable variation of pitching 
moment with lift at moderate lift coefficients. As the deflection of 
the leading- edge flap is increased negatively, however, this unstable 
variation in pitching moment is progressively delayed to higher lift 
coefficients . 

Incremental variations in the lift, drag, and pitching-moment 
coefficients for the three types of trailing- edge- flap devices with the 
leading- edge flap deflected to -20° are presented in figure 7 for a 
take-off condition and in figure 8 for a landing condition. The trailing- 
edge-flap deflection angles for the take-off condition were chosen from 
consideration of both the lift developed and the lift- to- drag ratio, 
whereas, for the landing condition only maximum lift capabilities were 
considered. Above the take-off flap deflection angles slight increases 
in lift resulted with an accompanying large increase in drag. The data 
of figures 7 and 8 show that for the chosen flap deflection angles the 
double- slotted flap resulted in the largest increment in lift, drag, 
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and pitching-moment coefficients throughout the test angle- of- attack 
range. Deflections of the single- slotted flap and the spoiler- slot- 
deflector high- lift device resulted in approximately the same increment 
in lift, drag, and pitching-moment coefficients except at the lower 
flap deflection angle (fig. 7) where large differences occurred in the 
incremental lift and drag at the higher angles of attack. It is felt 
that if the optimum deflector projection had been used these differences 
which occurred at the lower flap deflection angle would not have been 
present. 

The spoiler- slot- deflector high- lift device is, of course, a lat- 
eral control device as well as a high- lift device. The effects of 
spoiler- slot- deflector projection when used as a lateral control on the 
longitudinal characteristics are presented in figures 9(a), 10(a), 11(a), 
and 12(a) . These data on the longitudinal characteristics show that 
increasing the spoiler- slot- deflector projections decreased the lift 
coefficient, increased the drag coefficient, and produced a positive 
increment of pitching-moment coefficient with no appreciable change in 
the slope of the pitching-moment curves. 


Lateral Control Characteristics 

The lateral control characteristics of the spoiler- slot- deflector 
high- lift device with flap deflected on the 25 ° sweptback wing, and the 
flap neutral on the 25 ° and 75° sweptback wing are presented as the var- 
iation of rolling- and yawing-moment coefficients with angle of attack 
in figures 9(l>), 10(b), 11(b), and 12(b). These data show that the 
rolling-moment effectiveness increases with increasing spoiler- slot- 
deflector projections for all configurations tested. For the higher 
spoiler- slot- deflector projections adequate rolling moment and favorable 
yawing moment are produced throughout the usable angle- of- attack range. 
With regard to the roll power in the flaps-neutral condition estimates 
of the damping in roll indicate that a value of pb/2V of 0.06 can be 
developed for angles of attack up to about 16 ° with 10- percent spoiler 
and 7 *5- percent deflector projections. 


CONCLUDING REMARKS 


An investigation was made to determine the effect of leading- edge- 
and trailing- edge- flap deflections and spoiler- slot- deflector projec- 
tions on the high-lift and lateral control characteristics of a semispan 
variable- sweep- wing configuration. The deflections of the leading- edge 
and trailing-edge flap and the projections of the spoiler- slot deflector 
indicated the following effects. 
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Nearly linear increases in lift coefficient were obtained with 
increasing flap deflection up to approximately 30 ° deflection for the 
single- slotted flap and the spoiler- slot- deflector configuration and 
to approximately 4-0° for the double- slotted flap. Further increases in 
flap deflection resulted in only small increases in lift effectiveness 
and were accompanied by rather large increases in drag. 

Rather abrupt unstable variation of pitching moment with lift 
occurred at moderate lift coefficients for the wing with trailing- edge 
flaps deflected. Increasing the deflection of the leading- edge flap 
progressively delayed this unstable variation to higher lift 
coefficients. 

Increasing the spoiler- slot- deflector projections when used as a 
lateral control device decreased the lift coefficient, increased the 
drag coefficient, and produced a positive increment of pitching- moment 
coefficient with no appreciable change in the slope of the pitching- 
moment curves. 

Adequate rolling moment and favorable yawing moment are produced 
by the higher spoiler- slot- deflector projections throughout the usable 
angle- of- attack range. 
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Langley Research Center, 

National Aeronautics and Space Administration, 
Langley Field, Va., March 31, 1961 . 
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(c) Details of gap size (expressed as fraction of wing chord) on the 
single- slotted and double- slotted flaps. 


Figure 1.- Continued. 
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Figure 2.- Effect of wing leading- edge sweep angle on the longitudinal 
aerodynamic characteristics. 5 n = 0°; Sf = 0°. 
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Figure 3 .- Effect of deflections of a leading- edge flap on the longi 
tudinal aerodynamic characteristics. A = 25°; 6 f> = 0°. 
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(a) 6 n = 0°. 


Figure 4.- Effect of deflection of a single- slotted flap on the longi- 
tudinal aerodynamic characteristics for several leading- edge- flap 
deflections. A = 25 ° • 
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(b) 5 n = -15°. 


Figure Continued 
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(a) 8 n = 0 °. 

Figure 5 .- Effect of deflections of a double- slotted flap on the longi- 
tudinal aerodynamic characteristics for several leading- edge- flap 
deflections. A = 25°. 




I- 1527 


• • 
• • • 


♦ • 


• • • 


• • ••• 

• ft 

• • • • 

• • • 

• • • * • 


• • • 

• • • • 

• • • • • 


tDlTPlDENTML 


• • • 

• • 

• • 

• • 

• • • 


• • 


»• 


• • 

• • 
• • 
• • 
• • 


25 


Sf 

o 0 ° 
□ 25° 
o 30° 



(c) 6 n = -20°. 


Figure 5-- Concluded 
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Single-slotted flap 8f - 35° 

Spoi (er-s lot-def lector high-lift device ,8 S =0 , 8^=02 8f = 35° 

Double-slotted flap 8f = 4Q° 



' 4 O 4 8 !2 16 20 24 28 

a, deg 


Figure 7 .- Effect of deflections of three types of trailing- edge flaps 
on the longitudinal aerodynamic characteristics for typical take-off 
conditions. A = 25°; 8 n = -20°. 
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8 f -45° 

Spoi ler-slot-def lector high-lift device, 8 S =0 , 8d = 02 8f=45° 

Double-slotted flap 8f=50° 
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Figure 8.- Effect of deflections of three types of trailing- edge flaps 
on the longitudinal aerodynamic characteristics for typical landing 
conditions. A = 25°; 5 n = -20°. 
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(a) Longitudinal. 

Figure 9*- Effect of spoiler projections on the aerodynamic characteris 
tics for various lateral control projections. A = 25°; 6^ = 0.02; 

5 n = -20°; 5f = 55°. 
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(b) Lateral control. 
Figure 9*- Concluded. 
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(a) Longitudinal. 


Figure 10.- Effect of spoiler projections on the aerodynamic character- 
istics for various lateral control projections. A = 25°; 5^ = 0.02; 
5 n = -20°; bf = 45°. 
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( a ) Longi tudinal . 

Figure 11.- Effect of spoiler and deflector projections on the aero- 
dynamic characteristics for various lateral control projections. 
A = 25°; 5 n = 0°; 5 f = 0°. 
















